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(54) MANUFACTURE OF THIN-FILM TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a silicon film which coats a gate electrode 
from being interrupted by a step by gently workingunder good controlan inclination 
angle of a cross sectional sidewall of a gate electrode in a bottom gate type thin-film 
transistor. 

SOLUTION: A high-melting point metal film 22 andan oxide film 23 are formed on a 
transparent substrate 21 which is coated with a resist mask. Both are subjected to 
isotropic etching to form a trapezoidal gate electrode 25 whose cross section 
expands on the side of the transparent substrate 21. A silicon nitride film 26 and a 
silicon oxide film 27which coates the gate electrode 25 are laminated. On a gate 
insulating film comprising the silicon nitride film 26 and the silicon oxide film 27a 
polycrystalline silicon film 28 which is to be an active region is laminated. An angle 
formed at crossing of a sidewall of the gate electrode 25 and the surface of the 
substrate 21 is set to 20 degrees or less. 



CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of a thin film transistor characterized by comprising 
the following. 

A process of forming a high-melting point metal membrane on an insulating 
substrateand forming in the surface an oxide of said refractory metal in which an 
etching rate is quicker than said refractory metal. 
A process of forming a resist mask on said oxide. 



A process of forming a gate electrode which carried out wet etching of said refractory 
metal and the oxide and in which a section side attachment wall inclined. 
A process of forming semiconductor membrane which straddles gate dielectric film 
laminated by covering said gate electrodeand said gate electrodeand is laminated on 
said gate dielectric filmand a process of carrying out laser annealing of said 
semiconductor membraneand polycrystal-izing it 

[Claim 2]A manufacturing method of the thin film transistor according to claim 
1 wherein said refractory metal is chromium (Cr). 

[Claim 3]A manufacturing method of the thin film transistor according to claim 
1 wherein thickness of said oxide is 10-200A. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the thin 
film transistor of a bottom product gated mode suitable for the switching element for 
pixel displays of the display panel of an active matrix. 
[0002] 

[Description of the Prior Art] Drawing 4 is a sectional view showing the structure of 
the thin film transistor of a bottom product gated mode. The gate electrode 2 which 
becomes the surface of the insulating transparent substrate 1 from refractory 
metalssuch as tungsten and chromiumis arranged. This gate electrode 2 constitutes 
the taper shape to which both ends become large by the transparent substrate 1 side. 
On the transparent substrate 1 by which the gate electrode 2 has been arrangedthe 
silicon oxide film 4 is laminated via the silicon nitride film 3. Preventing that the silicon 
nitride film 3 infiltrates into the active region which the impurity contained in the 
transparent substrate 1 mentions laterthe silicon oxide film 4 works as gate dielectric 
film with the silicon nitride film 3. On the silicon oxide film 4the gate electrode 2 is 
crossed and the polycrystalline silicon film 5 is laminated. This polycrystalline silicon 
film 5 serves as an active region of a thin film transistor. 

[0003]On the polycrystalline silicon film 5the stopper 6 which consists of insulating 
materialssuch as silicon oxideis arranged. The polycrystalline silicon film 5 covered 
with this stopper 6 serves as the channel regions 5cand the other polycrystalline 
silicon films 5 serve as 5 s of source regionand 5 d of drain areas. On the 
polycrystalline silicon film 5 in which the stopper 6 was formedthe silicon oxide film 7 
and the silicon nitride film 8 are laminated. This silicon oxide film 7 and silicon nitride 
film 8 turn into an interlayer insulation film which protects the polycrystalline silicon 
film 5 including 5 s of source regionand 5 d of drain areas. 



[0004]The contact hole 9 is formed in the prescribed spot of the silicon oxide film 7 
on 5 s of source regionand the drain area 5dand the silicon nitride film 8. 10 s of 
source electrodes and the drain electrode 1 0d which are connected to this contact 
hole 9 portion in 5 s of source region and 5 d of drain areas are arranged. On the 
silicon nitride film 8 in which 10 s of source electrodes and the drain electrode 1 0d 
have been arrangedthe transparent acrylic resin layer 1 1 is laminated to visible light 
This acrylic resin layer 1 1 buries the unevenness produced with the gate electrode 2 
or the stopper 6and carries out flattening of the surface, 

[0005]The contact hole 12 is formed in the acrylic resin layer 11 on the source 
electrode 10s. And the transparent electrode 13 which consists of ITO (indium oxide 
tin) etc. which are connected to the aluminum wiring 10 through this contact hole 12 
is arranged so that it may spread on the acrylic resin layer 11. This transparent 
electrode 13 constitutes the display electrode of a liquid crystal display panel. 
[0006]Matrix layout of the plurality is carried out on the transparent substrate 1 with 
a display electrodeand the above thin film transistor answers the scanning-controls 
signal impressed to the gate electrode 2and impresses the video information supplied 
to the drain electrode 10d to a display electroderespectively. By the waya crystal 
grain diameter is formed in sufficient size so that the polycrystalline silicon film 5 may 
function as an active region of a thin film transistor. The laser annealing method using 
the excimer laser as a method of forming greatly the crystal grain diameter of the 
polycrystalline silicon film 5 is known. This laser annealing method laminates the 
silicon of an amorphous state on the silicon oxide film 4 used as gate dielectric 
filmand silicon is crystallized by irradiating that silicon with an excimer laser and once 
dissolving silicon. Since it is not necessary to make temperature of the transparent 
substrate 1 high if such a laser annealing method is useda glass substrate with the 
melting point low as the transparent substrate 1 can be adopted. 
[0007] 

[Problem(s) to be Solved by the InventionjThe level difference produced with the gate 
electrode 2 is laminated as the silicone film 5 used as an active layer straddles. In this 
step partthe gate electrode 2 is easy to produce the stage piece of the 
polycrystalline silicon film Salthough the section is formed in trapezoidal shape at this 
time so that a side attachment wall may intersect the surface of the transparent 
substrate land tapered shape. Namelysince the chromium (Cr) used as the gate 
electrode 2 has high heat heat dissipation nature and the glass substrate 1 has 
conversely bad heat dissipation natureWhen recrystallizing after heating and fusing a 
polycrystalline silicon film by excimer laserWith the polycrystalline silicon film 5 on the 
gate electrode 2and the polycrystalline silicon film 5 on the substrate 1the speed of 
recrystallization differs and these differences are considered to make the particle 
diameter of polycrystalline silicon produce a differenceand to carry out the stage 
piece of the polycrystalline silicon film 5 near the side attachment wall of the gate 
electrode 2. For this reasonwhen a flow with the channel regions 5c and the source 



drain areas 5s and 5d broke offit had become a factor which reduces the 
manufacturing yield of a device greatly. 

[0008]When this phenomenon made loose the angle of gradient of the section side 
attachment wall of the gate electrode 2it became clear that it is avoidable to some 
extent. Howeverthere was a fault in which it is difficult to process a refractory metal 
like chromium into trapezoidal shape with sufficient reproducibility. Thenan object of 
this invention is to provide the manufacturing method for keeping the stage piece of a 
polycrystalline silicon film from arising. 
[0009] 

[Means for Solving the Problem]A gate electrode in which a thin film transistor of this 
invention is arranged on the surface of a substrate and said substrateGate dielectric 
film laminated by covering said gate electrode on said substrateand semiconductor 
membrane which straddles said gate electrode and is laminated on said gate dielectric 
filmlt has an interlayer insulation film laminated on said semiconductor membranesaid 
gate electrode forms an oxide film in the surface of a high-melting point metal 
membraneand it is characterized by etching simultaneously this oxide film and a high- 
melting point metal membrane. 

[0010]According to this inventionwith an etching rate of said oxide film being 
quicketching to a transverse direction is accelerated at the same time etching 
advances to a thickness direction of a high-melting point metal membraneand a loose 
inclination can be formed with sufficient reproducibility by this. 
[0011] 

[Embodiment of the Invention] Drawing 1 t hru/or drawing 3 are the sectional views 
according to process of explaining the manufacturing method of the thin film 
transistor of this invention. Drawing 1 and identical parts are shown in these figures. 

(a) On the insulating transparent substrate 21 which comprises 1st process non 
alkaline glass etc. laminate refractory metalssuch as chromium and molybdenumto 
700-1 300-A thickness by a sputtering techniqueand form the high-melting point 
metal membrane 22. On this high-melting point metal membrane 22by the sputtering 
technique or the natural oxidation method neglected in N2 atmosphere for 5 hours or 
more. The oxide (it is Mo02 to Cr02 and molybdenum to chromium) corresponding to 
deposited metal is depositedand thickness forms the oxide film 23 which is 10-200A 
(refer to drawing 1 (A)). 

(b) Form the resist mask 24 on the oxide film 23 formed on the 2nd process high- 
melting point metal membrane 22with this resist mask 24pattern the high-melting 
point metal membrane 24 and the oxide film 23 after predetermined shapeand form 
the gate electrode 25. Although etching advances in isotropic mode by using wet 
etchant of a nitric acid system at this patterning processingThe etching rate of a 
chromium oxidation thing (Cr02) is quick about 20% to the etching rate of chromium 
(Cr)The oxide film 23 is etched to a transverse directionand the surface of the 
exposed high-melting point metal membrane 22 is exposed to etchant at the same 



time etching advances to the thickness direction of the high-melting point metal 
membrane 22 for the reason. As a resultthe section of the gate electrode 22 is 
formed in the taper shape which spreads in the transparent substrate 21 sideand the 
intersecting angles of the side attachment wall of the gate electrode 22 and the 
bottom (surface of the transparent substrate 21) can be processed with controllability 
sufficient at 20 degrees or less. (Refer to drawing 1 (B)). 

[0012]The smaller one of the maximum of the thickness of the gate electrode 25 is 
preferred here as the difference of a crystal grain diameter can become smalland the 
large thing of the minimum of thickness is preferred as the resistance (wiring 
resistance) which the gate electrode 22 has can become small. Since the thickness of 
the oxide film 23 does not increase the level difference by the gate electrode 251 0— 
200 A and the thinner one are preferred. 

(c) Laminate silicon nitride with plasma CVD method on the 3rd process transparent 
substrate 21 at 500-1 500-A thickness. Therebythe silicon nitride film 26 which 
prevents a deposit of the impurity ion from the transparent substrate 21 is formed. 
Thensilicon oxide is laminated with plasma CVD method on the silicon nitride film 26 
at 1000-2000-A thickness. Therebythe silicon oxide film 27 which turns into gate 
dielectric film with the silicon nitride film 26 is formed. And on the silicon oxide film 
27silicon is laminated to 400-800-A thickness with plasma CVD methodand the 
amorphous silicone film 28 is formed. The above silicon nitride film 26silicon oxide film 
27and amorphous silicon film 28 can be continuously formed with the same device. 
Silicone film 28' is irradiated with an excimer laserand it heats until the silicon of an 
amorphous state dissolves. Therebysilicon crystallizes and it becomes the 
polycrystalline silicon film 28 (refer to drawing 1 (C)). 

(d) On the 4th process polycrystalline silicon film 28laminate silicon oxide to 1000- 
2000-A thicknessand form the silicon oxide film 29. And this silicon oxide film 29 is 
patterned according to the shape of the gate electrode 25and the stopper 30 which 
laps with the gate electrode 25 is formed. In formation of this stopper 30a mask gap 
can be lost by covering the silicon oxide film 30forming a regist layerand exposing the 
gate electrode 25 for that regist layer as a mask from the transparent substrate 21 
side (refer to drawing 1 (D)). 

(e) Pour in the ion of the P type corresponding to the type of the transistor which 
should be formedor N type to the polycrystalline silicon film 28 in which the 5th 
process stopper 30 was formed. That isin forming a P channel type transistorit pours 
in P type ionsuch as boronand in forming an N channel type transistorit pours in N 
type ionsuch as Lynn. The field which shows the conductivity of P type or N type to 
the polycrystalline silicon film 28 by this pouring except for the field covered with the 
stopper 30 is formed. These fields turn into 28 s of source regionand 28 d of drain 
areas on both sides of the stopper 30and the field covered with the stopper 30 turns 
into the channel regions 28c (refer to drawing 2 (A)). 

(f) Irradiate with an excimer laser the polycrystalline silicon film 28 in which 28 s of 



the 6th process source region and 28 d of drain areas were formedand heat to such 
an extent that silicon does not dissolve. Therebythe impurity ion in 28 s of source 
region and the drain area 28d is activated. And it leaves predetermined width to the 
both sides of the stopper 30 (gate electrode 25)the polycrystalline silicon film 28 is 
patterned after island shapeand a transistor is made to separate (refer to drawing 2 
(B)). 

(g) Laminate silicon oxide with plasma CVD method on the 7th process polycrystalline 
silicon film 28 at 1000-2000-A thicknessand laminate silicon nitride to 2000-3000-A 
thickness continuously. Therebythe interlayer insulation film which consists of two- 
layer [ of the silicon oxide film 31 and the silicon nitride film 32 ] is formed. After 
forming the silicon oxide film 31 and the silicon nitride film 32it heats at about 350- 
450 ** in a nitrogen atmosphereand the hydrogen ion contained in the silicon nitride 
film 32 is introduced to the polycrystalline silicon film 28. Corresponding to 28 s of 
source regionand the drain area 258the contact hole 33 which penetrates the silicon 
oxide film 31 and the silicon nitride film 32 is formed (refer to drawing 2 (Q). 

(h) Form the drain electrode 34 which becomes 8th process contact hole 33 portion 
from metalsuch as aluminum. Formation of this drain electrode 34 is formed by 
patterning the aluminum which carried out sputtering on the silicon nitride film 32 in 
which the contact hole 33 was formedfor example (refer to drawing 3 (A)). 

(i) On the 9th processthen the silicon nitride film 33 in which the drain electrode 34 
was formedapply and calcinate an acrylic resin solution and form the acrylic resin 
layer 35. This acrylic resin layer 35 buries unevenness by the stopper 30 or the drain 
electrode 34and carries out flattening of the surface. The contact hole 36 which 
penetrates the acrylic resin layer 35 is formed on the source region 28sand the 
transparent electrode 37 which consists of ITO etc. which are connected to this 
contact hole 36 portion in 28 s of source region is formed. Formation of this 
transparent electrode 37 is formed by patterning ITO which carried out sputtering on 
the acrylic resin layer 35 in which the contact hole 36 was formedfor example (refer 
to drawing 3 (B)). 

[0013]Of the above the 1st thru/or 9th processthe thin film transistor of a bottom 
product gated mode is formed. In this thin film transistorthe stage piece of the 
polycrystalline silicon film 28 in the side attachment wall of the gate electrode 25 was 
able to be substantially reduced by having made the angle of the gate electrode 25 
section side attachment wall into 20 degrees or less. According to measurementas 
compared with the case where it constitutes that even the conventional angle of 45 
degrees or more isthe defective fraction resulting from the stage piece of a 
polycrystalline silicon film was reduced from about 30% to about 1%. 
[0014] 

[Effect of the Invention]According to this inventionthe angle of inclination of the 
section side attachment wall of the polycrystalline silicon film 28 can be controlled 
with reproducibility sufficient at 20 degrees or lessand a stage piece defective 



fraction can be substantially reduced by this. Thereforeimprovement in reliability can 
be desired with improvement in a manufacturing yield. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the manufacturing method of the thin film 
transistor of this invention. 

[Drawing 2] It is a sectional view showing the manufacturing method of the thin film 
transistor of this invention. 

[Drawing 3] It is a sectional view showing the manufacturing method of the thin film 
transistor of this invention. 

[Drawing 4] It is a sectional view showing the structure of the conventional thin film 
transistor. 

[Description of Notations] 

21 Transparent substrate 

22 High-melting point metal membrane 

23 Oxide film 

25 Gate electrode 

2632 silicon nitride films 

2731 silicon oxide films 

28 Polycrystalline silicon film 

28c Channel regions 

28s source region 

28d drain area 

30 Stopper 

33 and 36 Contact hole 

34 Drain electrode 

35 Acrylic resin layer 

36 Transparent electrode 
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